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CHAPTER I.

Introduction

A, ABSTRACT.
Rearrangement experimente have demonstrated that subjects readily
compensate for displacements of the vigual field which are constant

through time. Pseudophonse experimenta have shown similar compensation

in audition, after rotation of ths aural axis., Constantly changing dis-
placement of the viswal Lisld, howsv;r, cauzed dzterioreticn AfF vianala
motor coerdination. In cach of these rearrangoment end disarrangement
axparimenta, specific types of body movements during the exposurse period
ware nacessary, If compencation or disorientation, respeatively, wers to
oceur.

I the present experimenc subjecta were expossed, under three condi-
tiong of motility, to a congtantly changing auditery field produced by two
separate nolse-generating systems, each feeding the sgound inte one ear.
Afcer two howrs of continuous exposure, eleven out of twelve smbulatory
pubjects showed increassd varlability in an auwditory localization task, the
discrimination of dichotlc timo differences. Ferformance aftaer two hours
widsr the samae conditions of exposure deteriorated for only five out of

twelve subljectn when body mevemsnits were rastricted. When the subjects




rotations, nine out of twelve subjecta showed increased variabllity.
That iz, self-produced motion of at lsaszt the head, while llatanlng to
dichotic nolse which mesked background scunds, wes necessary to diémpt
accurate auditory localization.
N
B, REACONS FCR THE EXPERIMENT

In the last decade, experimantal paychologists have come to realize
that seasory stimulation and motor activity should he regarded as part
of the same set: of sansory-motor functions, rather than being regarded
as neoparate phénoména. ven Hclat (12) polntad out that the old moda'l
of aensory stimulation triggering the central nervous systehx to inltiate
a particular response has become outmoded. An impartont plose oFf
evidence for thiz assertion is that electrical activity pers’sts in deaffer-
entad parts of the nervous gystom. Sensory activicy, therefore, does
not always Inltiats motor activicy. The next problem for the paycholow
glst Is to find out what effects motor impulses, which inftiate muscle
movement, have on the sense recephors. As von Holst has sald, this
approach studles the effects of the central nervous system on the per-
iphery rather than the effects of the periphery on the central nervous
aystaem.,

von Holst'z model for effects of motor activity on sensory activity
dspends upon concept of "re-afference'", or ssnsory feadback: The

organizm’e motor activity ccuses some change in the organlzm's rslation

to {ts environment,; and sensory information about this change (that is,

ro-afferent stimulation) iz fed beck to the organism., Sammatlon, with




regard to tho slgﬁ and magnitude of the gignals, of theo efferent and

the re-~z!“orent signals determines percaption.

One of the ressone for the presant axperiment is our desire to
suppo 't general feedback~loop theory. Since von Holet'as formulation
gor.erates spacific hypotheees about the subjuct's behavior in deflned con-
iitions, the bulldeup of a smot of confirming experiments ls facllitated.
Beoyond that general alm, though, thia experiment sheuld provide cﬂ&onco
confirming Hold’a theoretical position (8), which is a development of von
Holet's. FHeld has added a getorage alement to the Holstlan model in
order to use the roaffersnce principls in accounting for relatively long~
term adaptations tc & displaced visual! figld: he has applied a foadbagke
loop explanation to changoes in spatial coordination. In dolng ao, he i3
coutinulng another Hne of iavastigation, besides that of von Holst, for
his concern with the rearrangemaent and disarrangement of spatial orlente
atlion makes it poasible to ralace his work to tho sonsory deprivation
experiments which produce general visual disorientatton.

Ong Hmitation of the evidence which Held has collacted on the problem
¢f re-affeorencae in spatial coordination is that he has workaed anly in visgion.
The present axperiment finds aignificance in (a) contihhuing Seld's work
in testing the Holstlan meodel; {b) tracking down the factors crucls! for
meiatainance of spatial orientation; and, mest important (¢) providing

confirmation of Held's reauits in & different modality, audition.




CHAPTER II.

History of the Problem

A, REARRANGEMENT AND DISARRANGEMENT EXPERIMENTS.

l. Compensation for a constant displacement of the visuval fleid.

In 1897 Etratton (19) performed the classic rearrangement experi-
ment, atudying vislon undexr ‘conditions where ths retinal image was not (N
ertcd. He found that subjecta readily adapted to such a diaplacement.
Kohler and Erismann (13, 4) have done aimilar experiments in which "up"
became "down' and 'dewn" bacame "up", finding that subjects regained
visualemotor coordination to the point where they could ride a motorcycle
in traffic or climb mountains with thelr visua! fisld thus inverted.

More recently Held and Bessom (9) had subjects walk in a normal
environmeaent wearing prisms which digplaced the visual field 12 visual degrees
to the left or right. Sixty-minute exposures produced aignificant ghifts
in an egocentric locallzation task in which the gubject had to swivael in a
chair and "line himself wp'" with a target. If the prisms displaced tha
visual fleld to the left, then the subject tended to center himself to tha
right of target, and yige verss, in the agocentric localization teat; he
wasg compensating for thae alteration of nja visual fleld caused by the priams.

Fleld and Fiein (10) trained gubjects in a task in which the subject

had to mark targete with a pencil. The apparatua was 20




—— L L

o—

arranged that the subject made his marks directly below reflacted

images of the targets. He could not see hlz hand, and could not, thera-
fore, recognlze and correct ervrors. ‘The arrangement thus eliminatved

trial and error as a determiner of performance. The investigators fourd

that §f the subject wore prisms swhich digplaced the viecual fleid a fixed

amouni, his post-cxposure targst-marking shifted significzntly in thse
direction opposite to the prisrnatic displacement. In ansther experiment

Held and Hein (il) demonstrated that with suitably long oxposure periods

the compensating shift pra

~

cisely balanced the prismatic displacemsnt.

2.

Compengation for constant ¢leplocsrugut of the auditory field.

Feld produced changes in szublects' binaural direction findlng by the
uge of pseudephones during the trafning pericd (7). At the beginulng of
training in cound localizatlon subjecsts teaded to waik 45 degrees to the

laft of a sound source If che left microphone of a pseudophone led the

richt one by 4% dezre=zz. L tire right mieropheone ied; chen the subject
tendoed, at diregc, to walk 45 dogress to ::he. right ¢of the sound source.
After tralning, howover, 13 of the Lo =zubie w@anved thelr localiz-
ations Ia the direculon which cemnpensated for the errnr laducod by the

rarudonhone
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back and forth during exposuve pericds ranging from 8 to && minutes.
Under these conditions {(and with a 30 minute exposure peariod) sublects
showed a 34% increase in the standard deviation of their target-marking

along a lefturight axis.

here to repreeent decreaged accuracy of hand-eye coordination.

4. The preseat experiment,

The experiments described thus far demonstrated perceptual-motor

rearrangement due to fixed displacements of the (a) visual and (b) auditor)

flelds and disarrangement due to constantly changing displacement of the

visual field. The present experiment completes the "set! by presenting a

constantly changing auditory field to the sublect Auwving cho cx sowie poriod.|

The detalls of the procedure are set forth in Chepter IIIX,
B, THECORY.

The rasults of the rearrangement and disarrangement experiments
cited above depended upon what the sublect did during the exposure period.
Motion inltiated by the subject wees Ffound to be c¢rucial in the production
of a directional shift or of increased variability in the post-exposure test.
Bossom and iHeld found that if the gubject was wheeled In a wheelchair
("passive movement"} ingtcad cof walkinz through his environmant ('seif-

produced movement') there was nu significant chanze in egocentric locai~
ization. Similarly, FHeld and eln (10) found that, i{F the subject's hand
was meoved pessively through the visue! field, the sigrifiecani shift of

direction on the handeeyas coordination 1 s which resulted after gself-

produced movument, dld act occur, In Cohen and Held's

the subject's hand was moved puacsively, ro significant cnawmses in voriabile

-

Increased variability ("disarrangement®) is taken

. s R B
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present motor act is being compared with the sensory concomitants of
all identical motor acts previcusly performed., According to Held, the

result of such a comparison determines subsequent perceptual-motor

performance.

There are two ways to preveant the nairing of signals, efferent and
re-affarent, and comparison with previous pairs in the storage. Cne way
is tc induce motion in such a way that minimum efference will ceowr. This
is the case ‘n the "passive movement" conditionz described above. The sub-
Ject {8 moving, but is not moving himself; no motor actlvity on his part is
required. The other way to iInterfere with the efferent-.reafferent palre
ing is to obstruct the feecback loop which allows the re-afferent signal
to reach the central nsrvous system. This was done when the sublect
was not allowed to see the results of his self.induced movement. When
the aignal pairs are not avatlable for comparison there is no basis for
adaptation to a displacement of the visual field, for there i3 no way to
recognize conslatent differsences betwe:n the present and past experience.
In conditions where the subject is elther moved passively or is not allowed
to see the results of his movement, then, no shifts In egocentric localiza-
tion or hand-eye coordination are expected.

Another way to dietur the adaptation process §s to make the
efforent-reafferent rslaticnships amblguous. The short 9xposure times
necessary to cause adasptation in Held's rearrangement experiments suggsst

that recently storad psirs of slgnals are selected first for comparizon or
ere more heavily welghted. If, for a given type of efferent signal, there

have receatly been stored many different types of re-afferent

A4
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then during the post-sxposurc testing when an identical efferent aignal
(with its peired re-afferent) is monitored, a number of different re-
afferent signals may, with equal likellhood, be brought from storage. The
amblguity resulting in the comparison will be reflected in more variable
performance on the post-eiposure coordination test. Such a condition,
Held eays, exists when the subject is moving his hand and watching it
through the variable prisms. Although the prisms are dleplacing the visual
fleld back and forth in a systematic manner, there ls no systematic way
in which a glven type of hand movement is related to the concomitant
visual re-afferent stimulation. In the language of the model, there will
be many different types of re-afferents paired with each type of efferent.
Ambiguity of trace comparison causes increased variabiity of hand-eye co-
ordination.

There is a localization task inherent in the tests used in Held's re-
arrangsment and disarrangement experiments. T egocentric localization
teat forces the subject to locallze target in his visual fleld and to align
his body with it. The hand-eys coordination test forces him to localize
e target in his visual fleld and move his hand with reespect tc it. There-
fore, an auditory localization test is appropriate for the auditory analogue
of Cohen and Heid's variable prism experi: ant (ij» In the present experi-
ment the localization task involved the subject's saying "laft", 'center!

or "right" to each of a series of clicks.* If an auditory experiment

#* The signal, which the subject heard as a click, was actually a train
of five pairs of electricel impulsea. In each pair, one impulse went to the
ia€t ear and one to the right, The differsnt trains of impuises varied only
in the interval (i mlcroseconda) betwesn the impulses in each palr, The
¢l cks heard by the gubject could be localized inside hie head zs baing on the
left or right of the median plane.

- Q =




Tl )

A

using this criterion task i3 to fit into Held's set of experiments and is
to have relevance to his theoretical model, then two propositions must be
acceptad. The firat is that saying "left", Ycenter', or "right" in a
localization task is the equivalent (for the purposes of the feedback loop
model) of vzaching or turning left or right. This proposition raises the

question of the differences between perception and perceptual-motor co-~

ordination, a question whose full trestinent Hesz outside the scope of this
paper. It must be sald, however, that the very concept of feedhack
loops in sensory-motor systems lmples that sensory events and motor
avents are noct always dlserate; this consideration, in turn, inmplies that H

the perceptual task of locating a socund may be equivalent to the perceptual-

motor task of moving with reference to the sound.

THE PSYCHOPHYSICS OF AUDITORY LOCALIZATION,
The zecond assumption inveived in applying an experiment uging dichotie 3
time difference discriminations to Held!'s set of experiments is that dichotic

time differences are, indeed, an important cue for auditory localization.

Experimenters are agreed that there ave three main determinants of
auvditory localization: dichotic differences in time, inteneity and phase (18).
Phase cues, however, avre important only for contimied tones (18). The
signals localized iIn the prescnit eiperimernt were clicks of many different
frequenciza, and each of the impulsas composing the c¢licks wase only of .01
millicecond duration. Thig cansideration isaves dichonic inteagity and wime

differences as possible cues for locziization in this experiment.
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The rasults of A. W. Mills (14) indicate that intensity cues are
crucial for localization when the signals are high frequency tones. IPart
of the procedure of the present experiment, though, was to have the subw
ject equalize apparent intensities of the clicks at the two ears. The sig-
nals in the subsequent localization tests (pre- and post-exposure) differed
only in dichotic time differences, not In dichotic intensity differences.
Discriminations on the tests, therefore, must have been based on time
cues and not on intensity cues.

Physiological experiments further support the usc of dichotic time
differencees for an auditory localization test by indicating how time cues
might indicate direction. Recording from the auditory cortlces of cats
Rosenzwelg (15) found that If signels were presented separately to the
two ears, the cortical responae of the signal presented later in time could
be inhiblted. From differences of 0.2 to 9 or 0.0 milliseconds the ampli-
tude of the response to the later signal was definitely smaller. For
intervals above 10 milliseconds the response was nearer to full amplitude.
Rosenzweig and Sutton (1¢) found a simllar inhibition of the later signal
at the level of the latzral lemniascis. Working on guinea pigs, Deatherage
and Hirsh (2) demonstrated that the nervous syatem may compound intene
sity and time cues. They found that signals of greater intensity have
shortsr latency, and so dichotic inteneity differences may bs represented
as dichotic time differenceas.

The argument here i{s not meant to summarize the ressarch on auditory

localization., Rather, it is meant to show that the discriminations In the
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criterion task of this experiment musi: have been based on dichotic time
differences and that dichotic time differences have a role In auditory

localization.

SENGORY DEFPRIVATION EXPERIMENTS

Arguments have been presented to show how an auditory experiment
using tests of dichotic time difference discrimination wowld fit into Held's
set of experimenta, The rearrangsirent or dlsarrangcment introduced in
these experiments may be regervded as selective examples of the general.-
ized visual disorientcation resulting from sensory deprivation., Hebb and
his students did the original senaory deprivation experiments and, for
instance, IDoane (3) reportad that after three to six daya of isolation
significant changes were found on teste of figural after~effects, size
constancy, autu—iinetic effuect, color adaptation &nd after-movement.
Freedman et al {5) reported similar perceptual distortion after only elght
hours of iaclation. The present experimont & meant te attack the general
problem of how the organlsm orients itself in ite environment, but, in the
manner of the rearrangement and disarvaagement experiments, attempts
to select out woll-definad factors which may be crucial for orieatation.
When the mechanisms of gpecific orlenting functions sre wnderstood, more
light may be shed on the genecal disorienting effects of senzory deprivie
tion. 1In this experiment tie 3pecific orienting function studied is auditory

localization.




E. SUMMARY
This experiment is designed to test FHeld's reafference thecry, a
theory which may describe how perceptuai-motor coordination is developed
and malintained. The theory has found confirmation iIn the results of
experiments which show how visuale and auditory-motor coordination may
be rearranged or dissrranged. The criterion task in this experiment ls
based on the discriminstion of dichotic time differences, cues which have

veen shown to be important for auditory localization.
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CHAPTER III.

The Experiment

A. HYPOTHESEEZ,

Movement during the exposure pericd and sensory informatlon dout
the results of movement are necessary to produce directional shifts or
increased variabllity in rearrangement and disarrangement experiments
respectively (1, 9, 19, 11) (see page &£ ). In this experiment the con-
stantly changing sensory field is produced ¢y two noise generators, each
of which supplies the noise for one ear.* This arrangement causes a rane-
dom distribution of time differences between the two ears.

Following the results of Cohen and Held (1) aad the predictions of
Held 8 correlator=-storage model (5) one would expect a subject who had
been walking around latening to the "white" noise to manifest increased
variabillty on the post-exposure test of dichotic time difference discrim-
Ination. If the subject s movement was restricted, however, the number
of efferent signals would be minimal (that is, minimal ambiguity from
efferent-reafferent pairing could occur) and no deterioration in performe

ance would be expected. In a restricted movement condition, then,

* Kach system generates the internai nolss of a transistor, amplified
by a ecircult designed by Mr. Barnard Tursky, Massachusetts Mental Health

Center.

a4
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variability of discriminations should be about the same for pre- and post.
sxposure tests.

A third condition used in this experiment combined slements of the
first two conditions (walking, and lying down with restricted movement
during exposure): The subject sat In a wheelchair so that his trunk and
legs were not wmoved., He wae instructed to rotate his head frequently in
a horizontal plane. If gross body movement, as opposed to head rotatioen,
is the cruecial factor in the maintainance of accurate auditory localizatlion,
then one would expect no change in performance. That is, since the bedy
is passive in the wheelchalr ('"passive movement'") condition, the results
should be the same as in the lying-down ("recumbent") condition, if body
movements are crucial. If head rotations are cruclal, though, one would
expect increased variability on the post-exposure test.

To summarize, with any exposure condition in which the subject is mov~
ing parts of his body important in sound localization while also listening
to the "white" noise, Increased variabllity of performance is expected on
the posteexposure auditory localization test. Both the critical motion and

the dichotic "white" noise are required for changee to occur.

B, PROCEDURE.,.
1. Testing apparatus.
A train of five paira of electrical impulses was generated by three
Taktronix Inc. Type &2 Waveform Generators and two Type Kl Wave-
form Generators. (See Fig. 1.) The train was 40 nilllseconds in

duration, with pairs of .01 millimecond square waves spaced at 8 milll.
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second intervals., Of each pair of square waves, one pulse went to

one side, and the other pulse went to the other eide of the system.
‘The interval between the pulses in each pair was continuousiy variable
from 5 microsoconde to more than ! milllgsecond. A crossover gwitch
permitted the aignal to lead on elther side.

The stimulus trein was fed into Borg Type 205 potentometers
used as attenuators. .A range of 4 decibels (100,000 ohms) was used. j
One attenuator modified the signal for each side, and the signal was
then fed into Permoflux FPDRS8 sterecphonic earphonas, prcducing sharp ‘
clicks. The subject could equalize apparent intensity by manipuleting the i
two potentiometer dlals.

2. Zxposure apparatus .

The noise generator or each ear fed the sound into a Realistic

8-transistor portable radlo for amplification. The earphonas used were
a second sot of Permofiux PDR8's. (See Fig. 2.) The energy
spactrum of the noige from 200 to 3C00 cpa is shown in Fig. 3. The
subject adjusted the intensity of the nolse a2t the beginning of the
exposare period to maslk background notse.

3. ESample and pre-testing.

The experimental sample was composed of 18 nzive Harvard undere |

i
i
i

graduates, None of the subjects were previously known to the experi-
menter, and those applicantse who had extensive experience as subjects
in other psychological experiments were not accsnted. Psychology and

Social Relations concentrators were also refused.

- LL -




Two subjects began the experiment, but dropped out because
the "white" nolse caused ringing in their ears for tw: cr three days.
A third dropped out because of siclkness, and a fourva becsuae he waa
unavailable for 1 }/2 months after his first experimeastal sesasion. Two
other subjecta completed the experiment, but thelr data could not bo
included in the raszults tecause on some of the po:i-evxposure tasts
thelr subjective midpointe (In terms of dichotic tirne dif ferences) had
shifted far to one side and no numesrical threshcllde for dscrimination
were calculable. This problem s further explaiazd in Chapter IV,

All of the 12 subjects remaining in the scr.ple were trainsed in
the dichotic time difference discrimination tas't on a separate day before
the experiment began. The 12 were roughly :quivalent tn thelr akill
at the task at the beginning of the experiment. Nine other applicants
were refected because they did not Improve during the tralning peried
to the required lavel of skill,

In working out the testing and exposure procedures, 5 subjects
wera used for pilot study. None of ther: are included i{n the experi.
mental sample. From thiz group the apuroximate level of diserimina-~
tion required for the experiment was dazermined. When subjects re-~
quired an averapge of more than 100 mi:rroseconds shift in dichotic time
difference to perceive a change in the apparent localization of the fused
clicks, the expected effect of increased variability of discriminations
after oxposure in ths .Awmbulatory condition never appsared. With dis-

criminations of the order of 30 microseconds, however, increases in

- 17
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variability (that is, deterforation to levols of dlecrimination worse
than 30 microseconds) resulted in the Ambulatory condition. In order
to be accepted for the experiment, therefore, subjects had to make
discriminations of the order of 30 microseconds during the training
pericd,
4. Procedure,¥
On each experimental day the sublect began and finished by equal-
izing the apparent intensitiaes for the two eara, (See Fig. 4 for a
sample data sheet.) The numbers of the data sheet refer to the
units on the potentiometer dials, each unit representing 100 ohms of
impedence. The order of the numbers iz roversed; "000" on the dials
indicates maximum cttenuation. The dials were set alternately at
Left = 550 and Right = 550, with the other dlal set at 450 in each
case. The subject locaiized the sound for each pair of settings and
turned up the Intensity on the weaker alde (the side opposite that
where the sound was ilocalized.) An average (Left minus Right) read-
ing was obtalt.ed for the set of asix trials, and was used for the experi-
mental setting with the totel (L.eft plusg Right) always equal to 1000.
Then the pre-exposure test of dichotic time difference diascrimina-
tion was performed. (Seec Fig., 5 for a sample dete sheet.) Starting
with the click leading in the left ear by 90 microseconds, the signal was
advanced towards right-lead in 5 microsecond steps until four success~

fve "rights" were raported. The same procedure was then followed in

#The instructions for cll tests and exposure periode zrs included
In Appendix A.
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the opposite direction. Five such pairs of increasing and decreasing series
were used for each test sitting. The set of thresholds of discrimination

of change in tho apparent location of the fused clicks (indicated by triangular

markers in Fig. 5) provided a measure of variability.

Cn each experimental day, the subject was tested for dichotic time
adifference discrimination before exposure and at the end of each hour. On
the average, a test tool four minutes to complete,

Three two-hour exposure conditions were used:

l. Ambulatory - The subject was reguired to walk up and down a busy
corridor for alternate five minute periods, Insuring considerable head and
body movement, both translation and rotation. (Fig. €.) Continuous
ttwhite" noise was supplied by the two noise generators. At the beginning
of exposure the subject adjusted the intensity of the nolse just to the
point where background noise was masked and balanced the apparent intensity
of the nolee at the two eare. During the Yresting" five minute intervals,
the subject sat and read.

2. Recumbdbent -« The subject lay on a bed with nc head rotation and
very little gross body movement. ‘White" nolse was the same. The sub-
ject usually read throughout the exposure period, and was not allowed to
glesp. (Fig. 7.)

3. Passivs movemont -~ The subject was wheeled in a wheelchair for
alternate five minute periods over the samae route as in the Ambulatory
condition, &nd sat still (reading) in the intervals. (Fig. 8.) "White' noise
was the same. Head rotations were frequent, while gross body movements

were restricted.

i
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vice verse.

Each subject was run {n each experimental condition, with sessions

spaced about ons week apart. The gequence of conditions was permuted

to control for order eifects.
5. Criticisms g_ng controla.

(a) Contrel of the effect of suggeation: In & perceptual tagk as
difficult as the digcrimination test used in this experiment precautions

against suggestion must be zpecifled, eapecially since the experimenter knew

what resuits the hypotheses predicted. One cue to the gubject in this
experiment might have been the rhythm with which the stimull were presentod?é
to the subject; for instance, 2 decrease in the freguency of presentation

might Indicate to the subject that he had reached the point where a changs

e sttt

from “eft® to 'right" (or 'right" to "eft!) was expected. Throughout

the experimeant, however, the rhythm was held constant at about ! stimulus
every 3 seconds. In additfon, all data sheets and relevant dlals were ccvered
so that the subject couldn't sece them, and no opoken communication (except
for Instructions, printed in Appendix A} occurred between the experimenter
and subject after the beginning of cach axperimental sesslon. Ae was evie
dent from their comments at the end of thelr participation none of the sube
jects had any !dea aboui the purpose of the experiment, According to

their reports, ncne of themeven realized that the mound in the dichotic time

difference diserimination testes moved systematically from right to left and

(b) ratigue, borsdom and distraction.
The experimente! hypcthesis predicts that exposure in the Ambulatory

condition shell couss increased variabliivy on the dichotic time difference




diacrimination test and that exposure In the Recumbernt condition shall not
: cauge any change. If fatigue, boredom or distraction from the "white'

noise itself affacts performance it would affect results in the Recumbent

as well as in the Ambulatory post-sxposure teste. The hypothesis ie that
white!" noise will affect performance, therefore, but independentiy of

those three factors.

Eince increased varlabliity was expected i{n the Ambulatory vost-expcsure

« am

tenting, control conditions were unsd to determine the effecta of fatigue,
boredom and distraction from walking up and down the corridor:
il Four sublects were run in a condition identical to the
Ambulatcry sondition except that their hearing wae unimpeded;
they did not listen to “white" nolse.
2. Three gubjects were run for an extra 1/2 hour on
! their Ambulatory days. Following their postesxpoaure teasts,
they walked up and down the corridor continuously for the 1/2

heur and were then re—tested.

3. 7To determine the duration of the asxperimental effact

in the Ambulatory condition, four subjects rested for an extra

1/2 hour on their Ambulatory days, and were %then re~tested.

During the 1/2 hour peried they walked occaslonsliy, but sat

raading most of the time.

Two subjects wers run in additional 1/2 hour control conditions fellow-
ing the passive movement condition. Cne subject sat end read for the l/:2
hour, and the other wos contlnusd in the Fassive movement condition, ex-

cevut that ho was not lzterning to iLoe ‘white¥ noise.




Five subjects returned after they had finished the experiment per se
to repeat some of the experimental sessions. They were subjects whose
results had deviated considerably from the sample mean, and it was hoped
that extra information might be obtained by running them in extra condi-
tions and contrals. The data from such extra sessions is stated as such

and is not included in the table of experimental resuits.

RESULTS AND DISCUSESION,
l. Statistics.

The hypotheses in this experiment are concerned with change in
variability of performance. The set of ten thresholds, obtained by the
procedure described above, provide a measure of variabllity. For a given
experimental session, they comparison of the standard deviations of the
set of thresholds from the pre-~ and post-exposure tests was the measure
of increased variability. The standsrd parametric test for the significance
of the difference between two variances is the F«test, which assumes an
approximately normal distribution of the population of differences (Sl:)l2
minus SDza) and a random selection from that population. The other
applicable parametric tast, the ® -test, also requires normality of the
population of differences of variances.

We have no knowledge sabout the population of differences of variances
under these conditions, and therefore have no basis for an assumption of
normality. It seemed wise, then, to forego the advantages of a stronger

refecting statemsnt in order to avoid assumptions of normality.

- 22 -
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For this reason, non-parametric tests were used. Since results
for the same subject in different conditions consiituted matched pairs
of scores, the Wilcoxon Matched-Palrs Signed-Rinks Test was used,
One advantage of this test 14 that it takes into account the magnitude
of the difference between scores as well as tho direction of the change.
The interval scale properties of the date In thu experiment are thus
employed. The test is conxidered an excallent aon-parametric analogue
to the t..test and has comperable strength (I").

The Friedman Two-way Analysis of Varisice was used to determine
how much of the variance among the results was accounted for by each
of three variables: Subject, Experimental condition and Order of Condle
tions. By comparing the relative amounts ¢7 variance due co each of &
pair of varisbles this teat measures the siinificance of the hypothesis
that one of the palr accounts for all of tie variance.

2. Results.

(2) Main experimental resulta. ‘The results of statistical tests
for increases in variability under the thre« experimental conditions are
summaxigsed in Tsbles I and II. A graph of these resgults is shown iIn
Fig. 9. Ambulatory subjects showed significantly increasvd variability
of discrimination both after ons and tuwio hours of exposure. The
increases after one and two hours were also aignificant in the passive
movement conditions but were not aa large. A siight, statiatically

inaignificant {mprovement of perfcrmance ococured in the Recumbent

- 23 -
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condition; that is, there was a slight decresse in the standard deviations
of the sets of thresholds.

One possible interpretation of theae results is that prbprioceptlon
from body and head movemant, rather than efference, formas part of
the feedback-loop described by Held's model.* Held's passive movement
conditions In the Held and Bessom, the HHeld and Hein, and the Cohen
and Held experimenta (See page © ) were meant to show
that proprioception from a passively moved muscle was not sufficlent to
cause the compensation or disorientation predictad by the feedback-loop
model, which is an efference-reafference model. Complete confirmation
of Held's inference that efference rather than proprioception is a
naceassary part of the loop would come from anesthatizsd Umb or from 1

logion experiments, Such experiments would completely cut off proprio-

ceptive stimulation and would have to be done on animals.
Another Interpretation of the Increased variability in the Ambulatory ,
and Passive movement posteexposure resuits suggests that Intersensory 4
effoots initlated by the extra load on the visual syatem during these
conditions causes deterioration of dichotic time differance discrimination.**

Such a proposal can not be examined directly from the resuits of thia

experiment without further experimentation to test it, but it seems of

lesa importance at the present time for two reasons. Primarily,

¥ Suggested by Dr. Eric Kandel of the Massachusetts iMental Health
Center,

% Mentioned by Dr. Elllott Michler of the Massachusette Mental Health
Center.
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tgtress” ia difficult to quantify, and therefore ia difficult te define
operationally in an experimental “mtx’f%’ b ;&'aecondly. before the stress
supposedly caused by certain conditions, studied convenlently, it ls

necessary to determine which spedfic ::omponents of the disarrangement
conditions lead to !ncreased variabllity. After this has been accomplished,
the Intersenaory evints inherent to the conditiona may be studled.

The Passive movement conditifon wzes esseatially an exploratory con-
dition which doee not thoroughly separate effects of head movements
from body movements. For one thing, the frequeacy of head movements
1s not well specifiad in the instructions (See Appendix A). More import-
ant, the condition falled to distinguish bestween rotatory and translatory
motion. Another axperiment, therefore, must be designed to study the
effacta of four types of movements; head rotation, heed translation,

total body rotation end total body translation. Also, when the movements

have besen specified in this manner, it may be sasler to determine frequency

and amplitude of movements.

(b) The curve in Fig. 9 representing Ambulatory results shows
a decrease In variabllity from the post ] hour to the post 2 hour test.
Although this difference is not statistically algnificant (See Table I) it
was consistent for the sample of 12 subjects. One might, Instead,
axpect an asymptotic curve, especlally since the variability scores In the
Cohen and Held disarrangement experiment (I) never showad a decrease
with prolonged exposurs. Furthermore, prolonged expecsure in Held and

Hein's rearrangement experiment produoced an asymptotic curve. (l1)




One of our subjects whose results in the Ambulatory condition approxi-
mated the average reasults for the whole sample was re-run in the
Ambulatory condition after the expariment per se was completed. KExpo-
sure was prolonged to three hours. The resulte are graphed in Fig. 10,

The curve levels cut gfter a large inorease of variability during the
firat hour and a smaller decrease during the second hour. If head move-
ments are, indeed, crucial for maintainance of localization and {f, through
fatigus, they decreased in frequency during the second hour of exposure,
then one might expect a ducrease in deterioration (varfability) of dichotic
time difference diacrimination during the aecond hour.* Of course,
comment on the reasons for this second~hour effect is spaculation, but
this particular explanation {8 supported by the Passive movement condition
resulta, where aignificantly inoreased variability resulted from gelf-
produced heed movement during exposure.

(g) The order effect. The significance of Increases in variability
on Days I, II and IXI, regardless of condition (Experimental conditions
were permuted to control for order effecta.) is shown in Table III.

A graph of the results, when analyred by Order instead cf by Condition,
is shown in Fig. . From Day I te Day 1il there is a progressively
decreasing deterioration after exposure. This is partly due to an Increase
in the baseline (pre-expoaure) level of variability, which would make per-

centages of lncroase smaller, and partly to an actually smeller absolute

* Sugrested by Dr, Richard Held of Brandeis University.
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increase of variability. This effect was also noted for an experxriment

on speed perception by Freedman and Held (¢). | Two kinds of mechanisme
may be working here; (z) Generally disturbing aspects of the e#posure
conditiona which bother the subject on the first day but which he gets
used to (hence, the smaller increscse on Day II and Day III), and (b)

A tzet' for the experimental situation which the subject learns on the
first day and ._ which re~entry to the laboratory triggers on Day IX and
Day III (hence, the higher baseline on those days.) Since the subjzcts
presumably function normally ocutalde the lab hetween sessions, the latter
mechanism would have a stssp gradient of generallzation.

(d) Roesulte of control conditions.

l. Subjectz run In a conditlon idsutiical to Ambulatory, but
without lstening to the "whits" nolse, did not show Increased variablility
at the end of two hours of exposure. (See Fig. I2)

2. When Ambulatory subjects were kept for an additional 1/2
hour to rest, they raturaned to the baseline level of varisbility. This
indicates that the duration of the effect in the Ambulatory condition
{s lgas than 30 minutee. If Ambulatory subjects walked continuously
during the extra 1/2 hour, thelr discriminations at the end of the 30
minuts poriod cleo were lesg vaslable than their pres-exposure test.

(Ses Fig. 13)

3. Peasive movement cubjects in the same extra 1/2 Lour

conditions also returned to pre.sxpocure ievels of discrimination. (Zee

Plg. I4.)




4. That different subjects could give very dissimilar results in the
same condition is indicated by the difference between the two curves in
'Fig. 13. Differences in the results for the same subject in the same
condition on different days also ocourred. One subject who had -howu
-a small increase ln variability in the Ambulatory condition showed an even
amaller increass when he was re-run after the experiment per ss. Two
other subjects with very small changes in the Ambnht:ori condition demon~
atrated very large changes in their re-run of that condition, and returned
to the baseline level of discrimination with an extra 1/2 hour walking withe
out nolse. '

Another subject who had shown some increase in variability in the
Recumbent condition was re-run {n & control condition in which he lay on ‘
a bed with no "white" noise. He was allowed to read. At the end of
one hour, he showed a 200% increase in the variability of his diserimina-
tions. During the second hour he walked up and down the corridor for
alternate five-minute periods, also wltﬁ:noln. At the end of thl.‘ hour,
his discriminations were at the baseline level! of variability. This subjeat:

" apparently had to have strong contact with a normal environment in order

to main:cain accurate auditory localization.
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CHAPTER IV.
Apparent Intensity Balanolng

As mentioned in Chapter III, the results of two subjects who -
completed the sxperiment could not be included in the calculations of
nxpuimwﬁl results because on some of the post-exposure dichotic
time difference discrimination tests they continued to say "left" when
the right signal was leading by 100 microseconds (See Fig. 5) or "right"
when the left algnal was leadiug by v maximum amount.* NO numerical
thresholds were calculable for these tests, so the data had to be dise
carded. To determine the effect of changes of intensity balancing on
the mean of the thresholds of dichotic time difference discrimination.

a procedure separate from the experimental work was carried out.

First, the changes In gpparent intensity balancing caused by changes in
dichotic time difference were studied. (See Fig. 15.) Then the pro=
cedure was reversed, studying the shifts of the subjective midpoint in
microseconds as a function of changes in dichotic intensity differance.

* This directional shift ls probably due to differential adaptation to
the loud "white" nolse, because of (a) the crude mechanisms for adjust-
ing "white" nolse intenaities, and/or (b) a difference in dichotic intensity
balancing between the absolute intensiiy level of the "white" noise and the
leval of the test signal.
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(See Fig. 16.) In each case the results approximated a strailght line,
but an experiment covering a wider range of dichotic intensity and time
differences needs to be completed before inferences can be made adbout
the shape of the curve.
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CHAPTER V.

Conolusions

Following the experiments of Held and Bossom (9), Held and
Hein (10, Il) and Cohen and Held (1}, this experiment indicates that
self=produced motion during the exposure period as .well as sensory
information about the results of this motion is necessary to produce
increases in variability of dichotic time difference discriminaticn.
Fatigue, distraction and boredom do not have aignificant effects.
The study of Intersensory effects and of the role of proprioceptive
stimuli and an adequate breakdown of the components of head and
total body movement all require further experimentation.
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TABLE I. Significance ef differences in variability frem pre-
axposures to pesteexpesure teats of dichetie time differenece
discrimination, under vorying conditions of motility,*
SIGNIFICANCL OF INCRUASED VARY BILITY
Frem Fram Prea
Pre= teo I'ree teo Pest 1 to
Pest 1 br. Pest 2 br. Post 2 by, |
{
Ambulatery P 008 «008 N.8. }J
Resunbent N.8, N.S. N.8.
Passive QOI 088 N.S,
novement
* Vileexen Matshed.lairs Signed.llanks Test, eme-tuiled,
TADLE 11, Sigaificanee of the ameunt of varianee in the experimeatal j
results asoenated for by ens of the variables , whea they
(Comditien, Subjaet, and Order) are paired agadnet one anether, **
Copdition 2. variamee: The Experimental Cenditien
wvarisble asceunts for varianse in the results,
sigaificant at the « 008 lewsl.
ordex X variance: The Order variabie ascounts
for the wvariaonce in the results, signifieaat
at the «08 lavel
Copditiop ¥s. Oxder varianse: The Cxperimentul Cenditioa
variable ssceuats for variance in the results,
significant at the 10 level

#¢ Priedman Two-i.ay Analysis of Varianse.,
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TABLE I111.

Day 1
Day 1I

Day 111

Significunce of differonces in variubility frea pre-
exposure to powt=exposure tests of Jdichotie tiome differonce
diserininaticn, en different experimcntal days (regardless
of exyerimental condition,)*®

SIGNIFIC ANCL 0 INCUL'S! V.RIABILITY

From From From
I'rees to I're- te Pout 1 to
l'ost 1 hr, lust 2 Lr, Pest 2 b,
P ¢ 005 <008 208 o
Om Ooa N.s.
N.B, W.8. NeSe

* \uileoxon Matehed-laire Signedellanks Test, oneetailed,
4+ The Day 1 Fest-l to !'0ste2 change in vuriubility was
a deoreage (improvement in performunce), significaat
at .06,
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APPENDIX A

INETRUCTIONSE, TO SUBJECTS

Hpparent Intensity Balancing; "This {8 a task in which you're to report
whether a la loft, right, or center. I will repeat ths gound uatil
you're ready to report; that is, whan you think you've lccated it, give
the report. When you report a sound as center, it should be a point
exactly in the center of your head; center is considered as a point, not
a general area. It will help to concentrate if you kees your head etill

and your ayes nlezed. Are you ready?V

After the subject has reported: "Turn this dial (Indlcating) untit
the sound is exactly in the center of your head. Turning the dial this
direction will make the sound move « Lon't worry about over-
shooting the center mark; if you do, you can turn it back to center by
turning the dial in the opposite direction."

Cichotic Time Discriminacionss "This, again, ia a task in which you're
to report whether a sound is in the left, right or center of your head.
Again, center is considered to be a point and not a general area in the
center of your head. Rsport center only {f the gound is exactly at a
point in the middle of your head. If it ls even 'leaning' tc one side, then
report that aide. I will glve the sound once, and you should report unless
you're not sure. If so, ask me to repeat the sound, and I will. Keep

your head steady and your eyea closed throughout the test. Are you
ready?"

Exposure: "Turn the red dials on the radios until the sound ia just loud
enough so that vou can't hear me talking. =ach dlal controls the loudness

for cne ear. When you've adjusted the loudness so that vyou can hear
nothing but the noise, make esure that the nolge in the two ears sounds
equally louwd, After that, the dials will be left alone. During the next

hour, youvire,.....

3 Racumbent "....to lHe quietly on the bed. Keep your body as still
: a8 posalble, and it's eszgential that you keep your head absolutely still.
You may move your hands and your eyeballs while reading, but Yeep your
head still. Do you understand?itxx
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¥x After the Post 1 hour test, I showed chem a card on which was
printed, 'Same instructlons for one wore hour.”
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"ctootcmnp down the hall
During the fiveeminute rests you may sit and
e

minute .
You should time yourself by the hall clock and keep as clos
five=minute intervals as pcssible. Do you understand?®

", ..st0 sit In the wheelchair, keeping your body

%ﬁ Egg k
stdill. you up and down the hall in dtemto five-minute

intervals, and during these times you should rotate your hsad back and
forth (demonstrating) as though you wanted to look in all the offices.
During the resting periods you may read. Do you understand?"

During the next hour you're to walk up and down E
the H

SRR B
alternats flve-ininute intervals. You may reed only during
five-minute rests. Do you understand?”




